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(57) Abstract 

A vehicle rain sensor system for detecting precipitation on an exterior surface of a window (19) including an illumination sensor (36) 
that is decoupled from the window. The illumination sensor is preferably an imaging array sensor which communicates a signal control 
(42) which further determines whether rain is present on the window. The control preferably includes an edge detection (44) for detecting 
edges of precipitation droplets on the window and activating the windshield wipers (22) of the vehicle when the number of edges detected 
exceeds a predetermined threshold value. The rain sensor system may further include a polarizing filter (62) and an illumination source 
(55), such that rain sensor system may not only prevent false signals of rain when only fog is present on an interior surface (28) on the 
window, but also allows the rains sensor system to actually detect fog particles on an interior surface on the window, thereby allowing the 
control to further be connected to a ventilation blower within the vehicle for the purpose of activating the blower to eliminate the fog. 
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RAIN SENSOR WITH FOG DISCRIMINATION 
This non-provisional application is based upon a United States Provisional Patent 
Application, serial number 60/064,335, filed October 30, 1997, and claims its priority date 
from that application, which is hereby incorporated herein by reference. 

5 BACKGROUND OF THE INVENTION 

This invention relates generally to vehicle moisture detection systems which detect 
precipitation on an outer surface of a vehicle window or windshield and, more particularly, to 
a rain detector which is decoupled from the windshield and capable of separately detecting 
both rain on an exterior surface and fog on an interior surface of the window. 

10 Several rain sensor systems have been proposed. Early attempts were typically 

closely coupled to the interior surface of the windshield, such as by bonding to the glass 
surface or the like. The problem with such closely coupled units is that they create difficulty 
in the necessity to handle two different windshield configurations in the factory, which 
increases inventory costs. Also, the close coupling creates a difficulty in the replacement of 

1 5 the windshield in the after market. This is a result from the necessity to replace the rain 
sensor on the windshield after the windshield has been replaced. The other difficulty with 
closely coupled rain sensor units is that the close proximity of the units to the glass surface 
results in a relatively small sampling area. Therefore, in order to achieve an adequate 
sampling area, closely coupled units increase the number of sampling channels which results 

20 in the increase of cost and bulk to the unit. 

In order to avoid concerns with replacing a windshield as it may become broken or 
cracked, and other deficiencies with units coupled to the windshield, other devices have been 
proposed that are decoupled from the windshield such that the sensor is spaced from the 
interior surface of the windshield. However, such a system is not good at determining when 

25 the signal it receives is due to rain droplets on the exterior of the windshield or due to fog 
particles on the interior surface of the windshield. Therefore, fog on the inside of the 
windshield may result in a false rain signal to the system, which may lead to the windshield 
wipers being turned on when there is no moisture present on the exterior surface pf the 
windshield. 

30 Other systems have been proposed to decouple the rain sensor from the windshield in 

order to overcome some of the disadvantages of previously proposed systems. One such 
device orients an illumination source and an illumination sensor at an acute angle relative one 
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another such that when the light is redirected by fog droplets on the inner surface of 
windshield, it is not received by the sensor, while light that is refracted through the 
windshield and further reflected by water droplets on the exterior surface of the windshield 
may be received by the sensor, thereby supposedly detecting rain droplets on the exterior 

5 surface of the windshield. While such a device may arguably reduce the likelihood of a false 
signal of rain when there is only fog present on the interior surface of the windshield, the 
device does not determine that fog is present on the interior surface. Therefore, such a device 
has not been proposed for use with a blower or ventilation system of the vehicle to activate 
the blower and eliminate the fog as it becomes present on the interior surface of the 

10 windshield. 

Another proposal in which the rain sensor is decoupled from the windshield is 
disclosed in an international patent application to Dennis Hegyi, published November 24, 
1994, under international publication number WO 94/27262. Although the device disclosed 
in Hegyi overcomes some of the difficulties of the prior art, it is not without its own 

15 difficulties. Hegyi recognizes that having the unit spaced from the windshield again allows 
inner surface interference, such as from fog or other moisture collecting on the inner surface 
of the windshield, as well as from cabin smoke and the like coming between the sensor and 
windshield. Although Hegyi purports to discriminate rain on the exterior of the windshield 
and fog on the interior of the windshield, the results have not been totally satisfactory. The 

20 Hegyi unit is an integrating sensor which integrates the output of a photo detector over time 
in order to attempt to detect either rain on the exterior of the windshield or fog on the interior 
of the windshield. Such an integrating sensor tends to dilute the impact of any individual 
phenomena, such as a raindrop or a particle of fog, thereby reducing the ability to detect such 
phenomena. 

25 Typically, the illumination sources implemented in these rain sensors are LEDs or 

laser diodes, which project an infrared signal toward the windshield. Due to the wavelengths 
of the infrared signals, the signals are substantially invisible to a human eye and transmit 
readily through a standard vehicle windshield. However, vehicle manufacturers have 
developed filter characteristics within certain windows and windshields that substantially 

30 reduce the amount of near infrared light that may transmit through the glass and into the 

vehicle, thereby avoiding solar loading within the vehicle by infrared radiation radiating from 
the s\m. While these filter characteristics are generally inefficient and allow a range of near 
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infrared wavelengths in the proximity of visible light to transmit therethrough, they 
substantially hinder the effectiveness of a typical infrared emitting LED implemented in a 
conventional rain sensor. 

SUMMARY OF THE INVENTION 

5 The present invention is intended to provide a vehicular rain sensor which accurately 

detects rain on the windshield under a wide variety of operating conditions, including the 
presence of fog on the windshield interior, and provides the ability to separately detect the 
presence of rain or fog on a window of a vehicle. 

According to an aspect of the invention, a rain sensor which senses rain and/or fog on 

1 0 a vehicle window includes an imaging array sensor directed toward a vehicle window and a 
control which responds to an output of the imaging array sensor in order to indicate 
precipitation on an exterior surface of the window. 

According to another aspect of the invention, the control may include a computer 
programmed with an edge detection algorithm, for detecting the edges of droplets of rain as 

15 they appear on the exterior surface of the windshield. The control may be coupled to a 

windshield wiper such that the wipers are turned on when a predetermined threshold value of 
precipitation is detected on the window. An illumination source may also be implemented 
for illuminating the window when ambient light levels are low. 

According to another aspect of the invention, an optic may be included between the 

20 imaging array sensor and the windshield. The optic has a low f-ratio which provides a 
narrow depth of field to the imaging array sensor, such that only the area immediately 
adjacent the windshield is in focus on the imaging array sensor. The imaging array sensor 
and optic are oriented relative the windshield to satisfy the Scheimpflug condition such that 
the optic focuses an entire sampling area of the windshield onto the correspondingly angled 

25 imaging array sensor. 

According to another aspect of the invention, the vehicle rain sensor includes a 
polarizing filter that is at least occasionally positioned in an optical path between the 
illumination source and the sensor to filter out polarized light radiated from a fog particle on 
the inside of the window. The control responds to a signal from the sensor in order to 

30 indicate precipitation on an exterior surface of the window independent of moisture on an 
interior surface of the window. 
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According to still yet another aspect of the present invention, a vehicle rain sensor for 
detecting rain or fog on a vehicle window comprises at least one illumination source and at 
least one illumination sensor, having at least one optic path therebetween. At least one of the 
optic paths is defined between at least one of the illumination sources and the vehicle 
5 window, and between the vehicle window and at least one of the illumination sensors. A 
polarizing filter is positioned along at least one of the optic paths, and a control responds to 
an output of at least one of the illumination sensors in order to indicate precipitation on an 
exterior surface of the window or fog on an interior surface of the window. The control may 
communicate with the vehicle windshield wipers and/or the rear window wipers when rain is 
10 detected on the exterior surface of the window and communicate with a blower within the 
vehicle to activate the blower when fog is detected on the interior surface of the window. 

The invention provides a new principle of rain detection which is decoupled from the 
windshield and accurately detects the presence of rain on the windshield and distinguishes 
rain from other phenomena which could be confused with rain, such as fog. The invention 
15 further accurately provides for the separate detection of fog, thereby allowing further 
measures to be taken to improve driver visibility. 

These and other object, advantages and features of this invention will become 
apparent upon review of the following specification in conjunction with the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
20 Fig. 1 is a top view of a vehicle with a rain sensor with fog discrimination according 

to the present invention installed therein; 

Fig. 2a is a sectional view taken along line II-II in Fig. 1 ; 
Fig. 2b is the same view as Fig. 2a of an alternate embodiment of the present 
invention; 

25 Fig. 3a-c are graphical illustrations of the geometric relationship of the elements of 

Fig. 1 in three dimensions; 

Fig. 4 is a block diagram of an electronic control circuit; 

Fig. 5a is an enlarged illustration of the optical features of rain droplets which are 
detected by an edge detection algorithm during daytime conditions; 
30 Fig. 5b is the same view as Fig. 5a during nighttime conditions; 

Fig. 6 is the same view as Fig. 4 of an alternate embodiment thereof; 



-4- 



WO09923828Al.tif Page 7 



Page 2 of 3 



Fig, ? is a flow elmrr of and udge detoion piucatH pcrftmncd by the ucmlnO circuit 
shown in i% 6; 

l'%s. 8a-e aie graphic rep>rti*:ttla(ioafc of side. etevAliuiisof an alternative embodiment 
of a iron seuKor with foft diswinsinaTion, clltiscrnclng operation (hereof iiitflcr different, 
.s enviinranetfal conditions; 

Fi&. 9 is a pcrspocti vc view of jumbo* nhcnvnr. embodiment of n win sm»:ir with Jb£ 
discrimination ™ tftc tlircetion of Hie window interior surface; 

1 Aa-e rare side elevations uftlar. eixihodixLienl ilUix Italian in Fi£. £ illustrating 
operation (hereof under diifciui? conditions; 
1 1) Fift. 1 1 is the Panic, vrntv as 0 of unnthn- nlf ciivitc cm bndinionl Ihcrresi I • 

Fig. 1? is the »nnc view iw Fig. 9 of yet tiunlhcr alternate emhfidiment thereof; ami 
Ki|r. 1 } is fhc «nnc view afi Fife. 4 nf another alternate embodiment thereof. 

DESCRIPTION QH mU inUAHKKKKP KM HUiMMag 
Refei7in£ now specifics I fy trv the drawings unrl the illustnili veembtKlitneriUi depicted 
J 5 therein* B vein ofo i nin ram sr >r ayatenv funeral )y i kl u»Lraled at 1 6, (S positioned ilisklc- a vclncl e 
] H and dm:oied inwnrU a Numpliiifc area 4H of a window 3 9, which is illustrated as * 
windalri eld o i' velriol e ! 8 also Jia v j i)g a rear window 20 (Fig. 1 )s V cW ole f 8 may he 
aufxirnohile, a Ifftht trixclc, a vail, a fovgc truck, a sport utility vehicle or the like. Vehicle, 18 
further mcMes windshield wipers 33. fo- wiping pix;ei]iiixiion from an exterior aurfecc ^4itf 
2U window I M and may flfsn include hixsht window wiper 2(i for cleaning rear window !?.D of 
pu:oipitarinn «k if. ^cumulates therein*. Rain gemot .system 1 6 ia cotrvcnictltfy incorporated 
in a row view mwmr afiftemWy 30 attached to an interior surface 28 of front window, en (u (lie 
roof alrove the i'roiir window, by a mounting hi acta* 52, which i« typically aecured or bonded 
(a interior surface 28 of window 1 f) liy adhesive r>r the like (Fig. 2). Rain sensor 16 is 
25 preferably nnnnitod within a pod 3 1 Kuwpendcd from Jacket 32 such that ram sm.w system 
1 6 i» upueed Rutti, oi deix»u>i)ed ham, i«(ei joi surface 2K of window 19, tfoch a l>:id H J mUy 
of the type disicliKied in comiuojiJy assiguod United ?rtatcs Fatom? Wt&fim ""d 5/708,410 
issued to Blank ct al„ the dwtfosnros of whiefi ^e hcaofoy incotpntulcd lieieici by tefefencc. 
Rain senwi yyxtcxn Ifi of ihc prawn I invention indudex un il]ucoii)ajtlonscn50r s ov 
^0 deCeol or .^6, wtsi cii i» prefenibly a rn ul li -element, d ecfjf o-i iptie, ptxelaled imagine, 5U'^ V 
Kcii«n, sneli as a CM()S ina\£jiife army^ CCD iuia^jj^atray bftii&or or the like* a dcteilcd 
deseripQoj] of which is disclosed in commonly assdiyicrf United Stetcs Pantent .S^fl^HS, 
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issued to Schofield et al., the disclosure of which is hereby incorporated herein by reference. 
By mounting rain sensor system 16 in a rear view mirror bracket such that illumination 
detector 36 is directed toward the front of the vehicle, rain sensor system 16 may be adapted 
to also operate as a head lamp controller, as disclosed in commonly assigned United States 
5 Patent 5,796,094 issued to Schofield et al., the disclosure of which is hereby incorporated 
herein by reference. Furthermore, illumination detector 36 may be adapted to function as a 
component of an active cruise control system, whereby the detector functions to determine 
the speed at which the vehicle is travelling. Alternatively, if the rain sensor system disclosed 
herein were mounted such that illumination detector 36 were facing rearward, toward rear 
10 window 20 of vehicle 1 8, illumination detector 36 may be adapted to function as a 
component of a vehicle back-up aid system. 

Illumination detector 36 is preferably a multi-element imaging array mounted behind 
an optic lens 46 that is positioned between detector 36 and windshield 19. Lens 46 is 
preferably designed to have a small f-ratio in a range between approximately 0.8 and 
15 approximately 1.1, and a long focal length, preferably as long as possible while still 

encompassing sampling area 48. This provides a narrow depth of field of the image, which 
results in detector 36 receiving a focused image of only the area immediately forward and 
rearward of window 19. Imaging array detector 36, lens 46 and window 19 are all oriented 
relative one another according to the Scheimpflug relationship, which results in scenic 
20 information of sampling area 48 on window 19 being in focus on detector 36, not 
withstanding the small f-ratio and long focal length of the optic. This relationship is 
commonly known in the field of optical engineering and is illustrated in Figs. 3a-c by a plane 
49 passing through lens 46 and a plane, shown by dashed line 50, extending along detector 
36, both of which intersect a plane defined by window 19 at a line 52 (Fig. 3c). This 
25 relationship applies three dimensionally, with plane 49 passing through lens 46 and plane 50 
extending along detector 36 intersecting the plane defined by window 19 at the same line 53 
(Fig. 3b). By orienting detector 36, lens 46 and window 1 9 in such a fashion, the entire 
angled surface of sampling area 48 on window 19 will be brought into focus on the angled 
surface of detector 36. 

30 As shown in Fig. 4, rain sensor 1 6 includes an electronic control 40 having an A/D 

converter 37 which converts the analog information captured by imaging array 36 into digital 
format for use in processing by an edge detection function 44. If the edge detection function 
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detects the presence of rain droplets, a windshield wiper control 21 turns on the windshield 
wipers 22 and/or modulates the wiper speed in proportion to the quantity of droplets detected. 
Control 40 further includes a detection control function 42 which coordinates operation of the 
various components of control 40 so that individual capture frames of array 36 are grabbed 

5 and processed. Preferably, the functions of control 40 are integrated in a programmed 

computer or micro-computer, but may be individually provided as discreet analog or digital 
components. If array 36 includes interface circuitry capable of producing digital signals, the 
need for A/D converter 37 may be obviated. By the terms control and /or computer as used 
herein, it is envisioned that the present invention may include a micro-computer with an 

10 embedded control application, a custom digital logic circuit, a digital signal processor circuit 
or the like, which may be adaptable to be positioned within or in the vicinity of a rear view 
mirror housing. 

Edge detection function, shown generally at 44 in Fig. 4, analyzes the signal from 
illumination detector 36 and determines the number of precipitation droplets present on 

15 exterior surface 24 by detecting the edge of each droplet and further determining if the 

number of edges detected is above a predetermined threshold value. Edge detection function 
44 allows imaging array detector 36 to interrogate many complex patterns on a surface of 
window 19, instead of integrating them together and thereby diluting the impact of the 
effects. The edge detection function isolates and identifies the individual phenomenon that 

20 become present on exterior surface 24 of window 19, which allows the system to separate out 
the multiple effects of the phenomena, rather than integrating them together. Such an edge 
detection algorithm is commercially available and is marketed by MathWorks as a MATLAB 
image processing toolbox EDGE routine. Alternately, an edge detection/thresholding 
algorithm may be used that uses the Roberts, Prewitt, or Sobel approximation to the 

25 derivative, which are generally known in the art. While these algorithms are available and 
have been used to test and evaluate the present invention, it is important to note that many 
edge detection algorithms are commercially available and a skilled artisan would select the 
appropriate algorithm for each application of the present invention. For example, an edge 
detection algorithm may analyze precipitation droplets in a linear manner, where the 

30 algorithm enhances the edges as received by the imaging array detector and counts the 
contiguous droplets present within the sampling area. Alternatively, an edge detection 
algorithm may enhance and then further analyze the droplets according to the number of 
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droplets and the size of their contiguous edges or other characteristics. Therefore, by 
implementing an imaging array sensor for illumination detector 36 and further utilizing an 
edge detection algorithm 44, the effects of fog on the interior surface 28 of window 19, and 
of other interferences, may be reduced as the rain sensor actually receives and analyzes the 

5 contiguous droplet edges present within an image of sampling area 48 on window 19, rather 
than merely receiving a pulse of light reflecting or emitting from an object on window 19. 

Control 40 may be used to control windshield wipers 22 on front window 19 and may 
further be used to control rear window wipers 26 on rear window 20 of the vehicle 18. 
Control 40 may turn on rear wiper 26 at the same or different rate as front wipers 22. For 

10 example, for every N wipes of front wiper 32, control 40 may generate a command for rear 
wiper 26 to wipe one time. N is preferably some number greater than 1 so that rear wiper 26 
does not wipe as often as front wiper 22. Control 40 may further vary the rate of rear wiper 
26 based on the wipe rate of front wipers 22, which may also be varied depending on the 

; level of precipitation detected on exterior surface 24 of window 19. Furthermore, the edge 

15 detection function may provide various thresholds at which control 40 activates the wipers at 
different speeds. For example, when the size and/or number of contiguous edges is low, the 
wipers may be activated for only a single wipe across the windshield or rear window, 
whereas when the size and/or number of the contiguous edges increases, a continuous low 
speed wipe may be provided or even a continuous high speed wipe as the size and/or number 

20 of contiguous edges detected further increases. 

In an alternate embodiment of a vehicle rain sensor system 16 f , illustrated in Fig. 2b, 
an illumination source 38 is also positioned within pod 3 1 to provide illumination to sampling 
area 48 of window 19. This allows illumination detector 36 to operate in low ambient light 
conditions by illuminating raindrops present on the window, When precipitation of fog is 

25 present on window 19, illumination emitting from illumination source 38 is reflected and 
refracted by the window and the precipitation droplets such that illumination is received by 
illumination detector 36. However, when neither fog nor rain is present on window 19, 
illumination detector 36 does not directly receive any substantial amount of light emitting 
from illumination source 38, as light emitting from illumination source 38 reflects downward 

30 from interior surface 28 of window 19 or refracts through window 19, rather than reflecting 
toward illumination detector 36. 
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Illumination source 38 may be. a standard photodiode, infrared energy emitter or the 
like, and is preferably operable in a pulse mode. Most preferably, rain sensor 16' is 
coordinated such that illumination source 38 is pulsed to illuminate the area on the window 
while illumination detector is simultaneously exposed to the area. Illumination detector 36 

5 may be either mechanically or electronically shuttered open at the precise moment that 
illumination source 38 is pulsed or activated. This results in a more efficient system by 
avoiding the operation of illumination source 38 except for those moments when illumination 
sensor 36 is actually receiving an image. This also allows a high peak illumination, as 
provided by illumination source 38, to be more readily extracted from the background 

10 ambient lighting. Because an imaging array sensor may process either visible light or 
invisible, infrared ranges, illumination source 38 of the present invention may provide 
illumination at a preferred wavelength which is between the visible ranges and infrared 
ranges. Therefore, illumination source 38 is preferably a LED which emits energy pulses 
having a wavelength near that of infrared light, such that the beam emitted is substantially 

15 invisible to the human eye, yet may still pass through the infrared filter characteristics within 
certain vehicle's windows. Most preferably, the energy emitted by illumination source 38 
has a wavelength within the range of approximately 820 to 880 nanometers, which may be 
transmitted through the filtering characteristics of a window and processed by imaging array 
sensor 36. 

20 A control 40' useful with rain sensor system 16' includes an ambient light logic 

function 54 to determine the level of ambient light present on window 19 and switch rain 
sensor system 16' between a passive mode, where illumination source 38 is not used, when 
light present on window 19 is provided by ambient light, and an active mode, where 
illumination source 38 is activated by an illumination source control 55, and patterns are 

25 illuminated on windshield 19 by illumination source 38 and received by imaging array 36 

(Fig. 6). Preferably, illumination source control 55 activates illumination source 38 when the 
illumination level detected by ambient light logic function 54 is below a threshold value of 
approximately 250 lux. More preferably, the active mode is triggered when the illumination 
level detected is below approximately 150 lux, and most preferably, when the illumination 

30 level detected is below approximately 100 lux. Alternatively, illumination source control 55 
may activate illumination source 38 in response to a signal from a head lamp controller to 
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activate the headlights of the vehicle, or in response to the headlights being otherwise 
activated. 

Most preferably, ambient light logic function 54 is responsive to the output of A/D 
converter 37 to determine ambient conditions from a light level sensed by imaging array 

5 sensor 36. More particularly, present ambient light conditions may be determined by 

summing the signal values received by each pixel within the imaging array sensor. When the 
sum of the values is above a predetermined threshold value, rain sensor system 16 ! operates in 
its passive mode and edge detection algorithm 44 analyzes the image as discussed above, 
while if the sum is below the predetermined threshold value, rain sensor system 16' instead 

10 operates in its active mode where ambient logic function 54 causes illumination source 

control 55 to activate illumination source 38. When in the active mode, illumination source 
38 may be turned on in a pulse mode, so that illumination detector 36 receives several images 
to extract the signal from any noise that may be present. Once the noise has been removed 
from the signal, control function 42 determines if the level of precipitation, if any, is above a 

15 predetermined threshold value. If rain is detected, wiper control 21 activates front wipers 22, 
and may also operate rear wiper 26, as necessary. 

Typical raindrops, as received by an imaging array sensor, are shown at 57 in Figs. 5a 
and 5b. Figure 5a shows an image of rain drops 57 on windshield 19 during daytime light 
conditions, when the system 16' may be in a passive mode. Fig. 5b shows images of typical 

20 raindrops 57 on window 1 9 when the system 1 6 1 is in an active mode at night lighting 

conditions. When precipitation droplets 57, such as from rain, dew or the like, are present on 
exterior surface 24 of window 19 in area 48 during the daytime, the light received by 
illumination detector 36 includes dark rings 56, which correspond to the edges of the 
precipitation droplets 57 present on window 19, as best shown in Fig. 5a. Conversely, when 

25 rain sensor 16 ! is in an active mode at nighttime, the edges of precipitation droplets 57 form 
images of light rings 58 on a dark background 59, as shown in Fig. 5b. The edge detection 
function 44 in control 40' functions to detect and analyze rings 56 and 58 and further 
determines a density of raindrops on area 48 of window 19. In both light conditions, the 
same edge detection algorithm may be applied to detect the edges and count the number of 

30 rain drops present on window 1 9, and compare that amount to a predetermined threshold 
value. Once the number of rings 56 and 58 that are detected is above a predetermined 
threshold value, control 40' operates to activate windshield wipers 22, including modulating 
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wiper speed as a Junction ufnuxidrup dwisily KuiHcd. PrdmiblVp, the. Chieshold value jnay Ik*. 
changed as die level ofatnbjcnl lcgjit chants, as Hie driver of a vchlcfc beconrcs mora 
sanative to raindiops on the windshield as am Went conditions gpr darker. Thcicfom* the 
al&uri(hm ittcty hove ?i Inwcr threshold v»li^diirmgiiiphMhii^ait«Hfion»llmTi during daytime 

j conditions. The llirotlmld value may change a* rain sensor Kytfern 1 6' is switched bctvyoui its 
nefi've and native modes. 

Rjefejrmg now to Kg. 7, a flow chart of a cortfnof process 1WA of rain Kunwir Kyjitem 
16' begins at ?.<IS hy first grabbing an iim;ge3l 0 received hy imaging array senam aud 
netting die nutrihcT oJedge count* hy edjp dfiLeclii>n Function to zeio 220. TllC sum oPfbu 

id light. v»h]UK wai&ed hy tht pcx^l in ima&tng array fieaisor ts then determined jnid compared hi a 
flmwhold va)ne. 23(1. If it js dctermuwd at 23D that the sum is grafter rhjani the llirtMiliuld 
value, thai the edge detection function is activated 'Mil The edgea delected we (iiwi 
aiiafyard at 245 cn dcicnrrine irrfwnumbur mid An si/jnifthii edges defevteri is gixjaJcr than a 
threshold value. TTit in detenu incd at 245 fUuI the number and/or size td(he edges detected i« 

is greater Irian a threshold value^ control p/ocess 20H functions to activate the wipers at 250. If 
the edfees detected are iess than the threshold vatue a "wiper ofT 1 signal ij? sen I al 240. After 
the control sends the apprujnjcite sigual, tlie system rclunw 270 Co t(* icutlal s^ttcaes and 
resumes tlic- trampling pruwssw 205. 

Kit is determined al 230 Ltiiid die sum ufthe )i$it value* seized hy tmuxinft itrray 

9Xi senxor art? le*x Orou the Clireshold VAlttes« ambient sense logic function 54 activates or pulses 
>m Llluuiiiieition source ae 28U, When the- jliumuictfion snuvee is puUed, (lace more Images are 
simulCHJ) county taken at '200 by inlawing array sc/iaor, while llii-ee. additional iiYiap.cs arc 
grabbed between tlie puises Oi when tlie illuuucialcofi source is oik™** off al 300. The 
ciinlixij njocefcs (ton ttibdacls the data collcclod diuiii^tbc "off frames frimi the dala 

2i colLcctcd during t a oji ,s frwncs frf 3 HI to remove airj*- noise fi om l>ie aLfejials. OllCC the noise 
lias becj) scroovecf; the edge dctcetion fiiiiction 44 is- aeli valed al 32C> aud Qic LUinibcr flnd/fir 
sire of the wlgcs* defeelcd aie eomparcd hi a ilnesliold value 330. 11" it IS dctcmnocd -»t ^30 
dial LliuTiuTHherarjil/Drsi/eof (heedj;cK ure urcaler lliaii (tic llu^sliold value, the illuniiimtkiu 
tiouice it deactivated 340 a«d a wgjial 3s commwiccatce) to acu'vxtc the- wijjeix 250 at an 

^0 A|>pjopiiatc. spocri. On the odici band, if the number of cd^cs def cried i» I«hs lima ihe 
threshold value, ihc illaininalum snuncc is deaefivitfi:d al 350 and u "wjpex Oil" 5JgDial 
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communicated at 260. Once either signal is communicated to the wipers, the system 1 & 
again returns 270 to its initial settings and resumes the sampling process 205. 

In an alternate embodiment, a rain sensor system 120 further includes a polarizing 
filter 62. This may allow rain sensor system 120 to discern between rain 57 and fog 66 on 
5 window 1 9, such that control function 42 may activate either wipers 22 or blower 60 when 
necessary, as discussed below. Polarizing filter 62 is positioned along an optic path 64 
between illumination source 38 and illumination detector 36, and may be located between 
illumination source 38 and window 19 or between illumination detector 36 and window 19. 
By including a polarizing filter 62 according to the present invention, illumination detector 36 

10 may be an inexpensive single element photo-sensor or the like, while still enabling rain 
sensor system 120 to detect and discriminate between fog and rain on window 19, thereby 
achieving optimal performance of the system at a potentially lower cost than a multi-element 
imaging array sensor. 

Referring now to Figs. 8a, 8b and 8c, illumination source 38, illumination detector 36 

15 and polarizing filter 62 are shown unattached to any base or bracket for clarity only, and are 
preferably mounted within a rear view mirror bracket or the like, as discussed above. 
Polarizing filter 62 is shown positioned between window 19 and illumination detector 36 and 
substantially reduces light that is oppositely polarized from a pass axis 67 within polarizing 
filter 62. When there is neither precipitation droplets present on exterior surface 24 of 

20 window 19 nor fog particles present on interior surface 28 of window 19, as illustrated in Fig. 
8a, illumination detector 36 does.not directly receive any substantial amount of light emitting 
from illumination source 38. This is due to the angle of window 19 relative illumination 
source 38 and detector 36, as light emitting from source 38 reflects downward from interior 
surface 28 of window 19 or refracts through window 19. However, as precipitation droplets 

25 become present on window 19 or fog particles 66 accumulate on interior surface 28 of 
window 19, light that radiates from illumination source 38 is directed toward illumination 
detector 36 as it either scatters and reflects due to rain droplets 57 on exterior surface 24 or is 
reemitted by a particle of fog 66 on interior surface 28 of window 19. 

As illustrated in Fig. 8b, polarizing filter 62 substantially reduces light radiating from 

30 fog particle 66 that is received by illumination sensor 36. This is possible due to the fact that 
for most media, light is a transverse electromagnetic field, such that a non-polarized light ray, 
represented by line 68, has electromagnetic fields, generally represented by arrows 70, in all 
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directions perpendicular to the direction that the light wave is traveling. Therefore, in order 
for light to propagate in any direction, the electromagnetic field coincident with the light ray 
must oscillate perpendicular to the direction of travel. When incident unpolarized light 68 is 
absorbed by a small enough particle, such as a particle of fog 66 or the like, the electrons of 
5 the particle vibrate in the directions of electromagnetic fields 70 present in the incident 
unpolarized light 68. The intensity of the light radiating from a small particle when 
illuminated by polarized light varies according to the equation: 

_ AV sin 2 fl 2ttc 
327rc ^ r ; where A . 

where po is the dipole moment, co is the angular frequency of light, X is the wavelength of 

1 0 light, c is the speed of light, eo is the permittivity of free space, r is the distance that the light 
is from the dipole, and 9 is the angle of the radiated light relative to the direction of 
oscillation of the electrons in the particle. For non-polarized light striking a small particle, 
the overall intensity of the light radiated from the particle is a linear superposition of the 
intensities from each electromagnetic field oscillating within the incident light. As the light 

15 is radiated in a direction perpendicular to the incident ray of light, 0 is approximately zero 
relative to the electrons oscillating along one of the electromagnetic fields, which results in a 
substantially zero intensity of light in that direction that is supported by that particular 
electromagnetic field. On the other hand, 9 is simultaneously approximately 90 degrees 
relative to the direction of oscillation of electrons oscillating along another of the 

20 electromagnetic fields, which results in the light supported by the second electromagnetic 
field being at its greatest intensity. Therefore, the superposition of these intensities results in 
a light ray 72 re-emitting from a fog particle 66 that is substantially linearly polarized light 
when the emitted light propagates at approximately 90 degrees relative to the direction of the 
incident light, as the other directions of oscillation either were not present in the incident 

25 unpolarized light 68 or otherwise cannot support propagation of the light. However, as the 
size of the particle increases, such as to the size of a rain droplet, the polarization effect goes 
away. Therefore, while light re-emitting from a fog particle is substantially linearly 
polarized, light reflecting and scattering from a precipitation droplet is primarily non- 
polarized. 

30 Preferably, illumination source 38 and illumination detector 36 are oriented relative 

one another at approximately an 80 to 100 degree angle at interior surface 28 of window 19, 
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Moat preferably, thi« aiifliLMsapfyniKhnuldy Oft degrees, Pokir/iiiK Jlllcr 62 may be placed 
bc-tween window V) and illumination deteclur 36 «uuh lhat its pass axis 67 is pcrpondicntor In 
cut clcctu)i«uKnrfk Lteld preswit in (he linear polarized iigjil 72 cinjtling fiom iJic IHjj puTlfcte 
<jVj. As shown in Fcr. 81), for example v/itli illumination detector 36 *nd source bciiife 

.1 orien led &nbst mtlaify hot isTomfra I ly , the- pol »ri 7cd li^ght 7',* enri I ting fir m i lh$ particle 66 toward 
illumination dctcotor 16" i» suhfltaHfailly vertically pnlfirivxal. fly orteikdn^the pass axis 67 i>l* 
polarizing filler rt2 sub«(imtiuUy lix3rizotiCiill>v (brie will be. substantia] ftltcrtnjr of flip 
polaxfad light my 72 before it it teceived by iUumcoAttcai detector V>. Thcrcfoiruj, when iu£ 
particles 66 Lire, present on interior surface 78 of window 19* Hluinhiulmn detector 36 receives 

in a veiy weak sc&fial, sjjuflar ro the s%iifil YrcrivoH when there is neither rftill noj fog present on 
lite window, thcrrshy HtiKstfntiiiilly reducing any powubilily ol" illumination dctcctoi 36 
icedbvfnc * fill**- w^nul orntiii dropleto when there is merely fog paxddcntifi preHcnl on 
interior wirihee.28 of' window 19. 

As shown in Fig, Jlo* when & precipitation droplel 57 is present tin exfea lor siutac*? 24 
of wittdow J 9, moidwitunpulm/^l ligjhf 68 tuIVucIk IhTOUfth wJjuiow 1<J and reflect wiChia 
(lie water droplets f>7> ixjmltingr, in n scullerin^ of light bud: (owaid interior, surface 28 of 
window t(P. The light ih reflected and scattered in many directions such ihui a substantial 
flmoiinL of light may be itt&ecved by illumination detector 3d, uVeby fieiLKrtinu a rignal Tlictf 
there iff mi J) present on exterior surface *>A of whicUjw f 9. The Kcattejed light remains 
luipoloi-iawt and thus passes through poforixhig, lllicx 62, ux polarizing tiitcr merely 
pnkrina t | 1c ii grh f, f hereby ul I owing 1«j)iI Ami lias iLs eleCti:ttniA£nctic fields (shown u* a 
hniTwntftl line 73) Hubxtunttotly uirhttnr to the pasr» axis 67 of poled ring filler 62 Ca pass- 
t3iiarethn)L\Hli. Thef eioi'e, iff urination detector 36 still ruwivia* a Ktrtm^ej sigjiaJ wftcn theiio 
me precipitation partickc 57 on C5Xlcrica sm*fiw24 af window 19 tliurn w'lieti tUcic is eifJhiit 

25 fog pattioks 6'fjpiesunf nn ttiIcthit Kurfai:c28 nl'windnw 19 or whcjitbcic isndllwrr Aij;ddt 
udn jmatuif nn vvindnvv 19. ARej* illurruriulion deteclui 36 fcccivcs fho poianzed li^Jil r^5' AS 
pnUri/ed by jjoluriziciu liiler 62, control function 42 ae^in iiUKfiww to uiuilyze the si&nal 
received and determine whether wipcas 22 and 26 should »dwiited, «w diycu^sod Above. 
Mternately. polaiizSng iiltor 62 inzty b&wov»blypo»iliinied in optic path 01, to ullmv 

:ju jllumination detector 3o* to vocci vc «. ullcjm^ing Itowj prjlmizeil to non"j)ofaii7»d liyhl 
by occasional &y pnKiliimin^ pnlttriKiiiK Hller 62 in opik; pixtli 64, litis allows min senKor 
»y»lLaTj I2fl Uy furl>ier duscejti bstweejj when loj> jj? p^i^nf, irtscn rain is ^seajt,, when both 
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ndu aa<1 fog are jpracnt, nnd when neither rain nor fog is prcssul. TJic difference between, the 
polarized and non-pnlarized xixciiils received hy illumination deflector '.\6 is scaler wheel fog, 
i? jiicawnf mi the w«idow > compared Id Hie ditrereiice between (he stroma signals received 
when Tttiu alone is picscnt on window 1!*. Whcfl tog is detected by cojtfrol runcn'on 4? t the 
inteJl&ity of W cJi signal is niciiKurcd tr» further detain inr i f r»i n i k a Iso prexmf. rm ex icri i>r 
surface 74. Subsequently, eimlml 40 1 may further cemimmiejiie vvilh Wower 60 within 
vehicle T£ ui operate blow?* 60 iujd eliminate the fox <*n Ihe interior surliic^ ol'wjjxdiow 1 9 
when a tlnesluild value olioa, it: deleted* while al so uutiviUiiig wipere 22 if necessary ■ When 
weak signals cire received both when the polarize* is present and v/kn not pnewem, neither 

i f I rain nor iu£ is present on window 1 9. 

Ill an afocji^ta embodiment^ as shown in H'i^. and 1 fl, a rain xciikih- H)\stem 130 
IhftilCJ uwlnctca ji second ilium in litiou detocior 74 winch defines a Heeond oplic path 76 
hohvean ilkmiiuMion source 38 and second detector 74 via window 19. A iiofarip.inv; filler fi2 
muy he positioned at any point along one or tJ)C other of the f wo optic paths h'4 and 7fi. An 

15 Shown 3D Kig. 0, pnluri'/ih" HI ti=r 62 may he posiliomnl hclwrcri illumination detector 7'1 and 
window T9. Became, prilarbrifift filter 62 id nof>tLio«ed alon£ optic path 70, illumination 
mm» 38 und second illumination detector 74 are preferably oriented rcJntivu cme umiLlusr at 
uppmxirnately an 80 <o 100 degree angle at interior surihe<>2$ of window 1 9, and must 
prfcJerably at approximately » 90 decree aiiglo, Jllurcrinution deteeior 36 may (Iteti be 

20 posit joncrf nihsfinitially adjacent Actticku 74, preferably with an aru>)e A between tfctccfois 
Vi unci 74 heing nriuimiHed (u l>e as lIohc ki yjem decrees uw pinvstble* sucJithflt frofh tleleckiiv 
leeei vu xuhNlwilially the same Light signal from window 19. When ncithe* fi># nor rain lh 
prej;e4)C on window ID, as shown in Fig. 10a, neither fivxt, ilUoninntiun detector 36 nor second 
iliuminatioi) detector 1A receives a strong signal directly ftxim i 11nminuluni nam ue. 38 . 

25 However, wJieii lain i« pewent un window I f>> polari/injg lUicr 62 [jcriarizes a Ji^Jit lay 

from illunihmlum ki>utx» 38 ahing oplitpoim 76^ »Lidi fhu( <i pukri^ed light nay ^0. vrfiich is 
received by illumination detector 74> i:> linciiily puliiri^ed It) one direction only, Kueh as in Che 
horizoiiral diicction sUowji m Fig. lOu A non-polavizcd iigliti^v K'2 ik simuKammualy 
reeeivaJ by fiixt illuTninaliiiM delo^Uir 36. Tlienilinx^ v/heri r«in dixjpa Or Olh<U' pt'ccij)itn/.icin 

.11) dmplelK are ptewyjl on cxlerioi- autiaoc 24 \>f window 19, both illumination detector Hfi and 
74 will receive & signal as the non-polarized li&Ut lays 7£ and 82 arc refloated, n&fracled mid 
scacteiwl by the droplets present on window lf>\ such ttwt a substantial portion of ihe 
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scBnttCd light is directed toward both ilfanrinuiliim detectors 30 and 7-4 . because light wry 78. 
is not polririyjed when if.rcachcs pnlsrorfryj filter 62 % poJari*in# filter 62 nie/dy pnfuriKiw Old 
Jjgbf, which still alfews pcifaraml light ray ilU To be received by illumination dcloutef 74. 
When fog poniielex 66 alone arc present on ratermr wiiiacc 28 of window 1 9, as 
s' shown in H*g. Iflh, h pukuiztd light, ray £6 from fog particle 66 h ramlfud unly iu dbttftnrw 
pc*pcnrIieolur Cci an incident t*y of fi^lit 88 frum illummatjon souiee 38. As dismissed uhuvc % 
the m ien Lilian ofiUuuwiatioii deleuCor 74 relative to illimiinaliiMl muicc 33 is preferably at 
^yproxhrtately a 90 degree auuje along optic pcxffii 7o> such thai polaiircd light niy SO is 
diriscied towRid ilhmiiiiiitkij] detector 74. 'filestore, polarizing filtw o"2, with its pass <oo'k 67 
I o oriented iu a d is ecLi on perpendicular to the electromagnetic tlcJd !». hi prior iaed light « »y 8<v 
functions to «Mb»iarilLiiI]y filler enrt polarized 1ir>iI ray 86 so that. »iili»liirt£ially no signal >k 
ifcccivcd hy ilkitiriuiiliOJl detector 74 when Jbg is present on hrtmur Kurfoce 2N of window l*J. 
Conversely, LUnndioliiyn deteckir 36 simultaneously reives a non-fito-od li^il ray 81 when 
fog i& pie9ent on window I Liyht ray 84 nmy also be xufostatfially polarized if illuwiiimlion 
\$ detector 3(i is atai tnfolticd relative tn illumination source ^ at apprux innately a 00 deaiee 
angle «l window 19. 

^Ku^ilLmiiinafiondeL^tor^ 3o antf 74 rceciviidinei^itsigiwlR when log fo 
present, when ixiin is pnMefl^ wlica both mir. ami fba are present and when uettber rmn m>i 
fuu, CS present mi window 19, crvniwl fUncliun 42 may analyze die xignals received by both 
2d Uiwuiiiafion detector* 36 and 74 lo determine if cither fog is- present oi> iritciior fcrtrfacc 2# or 
precipitation it present or. exterior surface 24 of window 19 or both % and preclpitlltion tire 
present If (he signal leaved by illumination deircfair 36 is approxijimCr-b' ei?ual to twii*. llic 
jiiiyiaJ ittccivod hy second ffiuaitoorkm doctor 74, fheri jiofbg ii? presents iiwi-potomed 
lighi passes thmugk polarizing- filter 67 and is received Iry iUunrinxluxL detectoy "K. Cuoirol 
2^ I'ttllOCion W then mcasjai^s the intaisrity of (he KJ^fials to determine lfr-xcci i? prcswiil, as raj J) 
ixwulln in » ^realer ifitcrisjty hi the signal recciw^ due to scHlfmiiu <ji"31|J(3C frrnn rain droplet 
57. On Hie other bmi<k if a soial iff received by tllinnhmlioH detectw 74, yt;L Che. segtuf 
received by illumination detector 36 is substantially ^ealer thaJl twk^ tbe- nigiial iwcived by 
SCCOllrf iduminahifli detectOJ 7fl,then istrnfrol furidi^n 42 may conclude that fop. is jn eHentOJ) 
30 i utei ior »ui fiwc 2& of wi ndo w 1 0, ai id u^i vule Wow&f 6U (o ileCb^ Ihe LtrtCligy Rurfuce 28 of 
window 19. If tbg i s v delected > control fbDOtion ^ furlheT rnuus ures aj^d anupHrei the 
intensities of the signals Co (fercrnilneff rain i« al»o pre«eul on cytciicn- Hiirfaue. 24, 
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Illumination detectors 36 and 74 may either be single element photo-sensors or multi-element 
imaging arrays, both of which are capable of receiving the different signals reflecting or 
emitting from objects on window 19. 

Another alternate embodiment of the present invention is shown in Fig. 1 1 , where a 
rain sensor system 140 includes two illumination sources 38 and 94, one illumination detector 
36 and a polarizing filter 62. In this embodiment, polarizing filter 62 may be positioned 
between illumination source 94 and window 19, such that illumination detector 36 receives 
light from a polarized source 94 and an unpolarized source 38. Illumination sources 38 and 

94 are cycled alternately such that illumination detector 36 and control function 42 may 
determine which illumination source 38 or 94 the signal is being received from. The 
orientation of polarized source 94 and illumination detector 36 is preferably within a range of 
approximately 80 to 100 degrees relative one another, and most preferably approximately 90 
degrees relative one another. This embodiment functions similar to those described above, in 
that when there is neither rain nor fog present on window 1 9, illumination detector 36 
receives substantially no signal from both illumination sources 38 and 94. However, when 
small fog particles are present on interior surface 28 of window 19, a polarized beam or ray 
96, having an electromagnetic field 95 in a single direction which is substantially 
perpendicular to light ray 96, passes through linear polarizer 62 and is absorbed and re- 
emitted by the particles. According to the light intensity equation for 1(0) discussed above, 
when linearly polarized light strikes a fog particle, the intensity of light re-emitted will be 
approximately zero in a direction that is both along the direction of the electromagnetic field 

95 present in the polarized ray of light and perpendicular to the incident ray of light, as the 
angle 9 will be zero in that direction. By positioning illumination detector 36 along a path in 
this direction, illumination detector 36 receives substantially no signal from polarized 
illumination source 94 when fog is present on the interior surface 28 of window 19, yet still 
receives a strong signal from unpolarized illumination source 38. On the other hand, if rain 
alone is present on window 19, illumination detector 36 receives a strong signal from 
illumination source 38 and approximately a one-half signal from illumination source 94. 
Furthermore, if both fog and rain are present on window 19, illumination detector 36 again 
receives a strong signal from illumination source 38, but receives a signal from illumination 
source 94 that is greater than the approximately zero intensity signal received when fog alone 
is present, but less than the approximately one-half signal received when rain alone is present 
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mi window 1 9. Control futtcliuii 42 uuiiipkuxes [hu M^nuls revived from eurfi illumination 
KouTCc3fi and<M fo drtanuLiciffb^rain, both io^atid rain or neither fog no* rail) bpramcnt 
on window I f .> y enri cmicNprmcfingly ««rrvnrc or deactivate The appropriate dwicc. 
Illumination detector ')$ of ruin sensor; system 14f> is preferably on imaging *miy sensor, but 
m&y afrcmativcJ y he a singl & element phi>N vsu van i>r the like. 

Rli II ycf. another embodiment of flicjmwmf iuvcntiim is shown in Fi£. !2> wlieis a 
rjflin saltan sys(em 150 mcludesr a single iliutnhialcott source 3B and two ftJutmnarion 
delectus* 36 and 102. A polarizing filtei- 62 is positioned between 1 1 In mi mttion mun» 3R mid 
window 19 % 3iiri> that a lighf my 1 114 from illumination snmra 18 is polarised to become a 
polfifiawl light my Iflfi before lufl coring nr emitting fmm window T9. T!<ith deJecKuvs 3-6 and 
1 07. arcpitifcmWy i >rk-n£ud within a ran^e nf uppniximalely 80 (o LOO degjTOS relative- one 
miodiiii, as reprinted by m na&le 0 in Ff&. [2, £ifid rucrtHesi* oriented within a wff> <>r 
approximately X0 to 1 <K) rlogrocu relative polrmVxtr! illumhuiHon wruruu. 38. Miwt preferably . 
ilhairmmtimi deCcetnr* 3fi and 1(12 and Uhirmnuthm souree 38 ure vi tailed at approwinately 
00 digress relative one another. Polarizing filter 62 lias little effort on rain senKirr «y>>lern 
150 when rain is present on window 19 or when neither rain not* fog i* pjuwsrd an window 19. 
! [owever, when fog particles 66 arc picNDt on interior surface 28 ol" window 1*^ polarized 
light ray ] is absorbed liy fog particles 66 and is te-emitted wifli a minimal or substantially 
7XIO intensity in a dirceiion parallel to thu eiecirnmujnaitfic lidd Chut was parent Uipofari/ed 
lighl my I0(i. Therefore, by pulatucinu Hie li^hl in Hie hurizoutal dijcction> a<? shorn in Fifc. 
1 2, li^iC in u vtxrliud duection, or perpendecutor to Ulc pass axis 07 nr pokau/ed 
electromagnetic field, is emitted by the- small panicle of log 06 with a muuli ^ eater intensity 
tliailtlicliglltpixiiJAgxtJDgix^rRlliil lei ilic dcclnnnn^iicdic Held. This icsuils msoctwd 
LJiumtaatittU dctCCU>r 1 02 ixxxii virj^ poJimyjcd liyhl I OR n>Krnil£icd fnun a ibg, paiticic, while 
lirKi ilJuminatniTj detccUir 36 recetvcR KulwLuriiulljr no si^iid when fbfi is prncnit on the. 
uifiBJxn' Kurfuue of wjjjdow 1M . li'tbe si^tia) jeeeived by illunuiiation ddbooktr 3(> in 
apcuoxiiiutctythc-Kun^ils thc«igi«il received hy second i I lumiimLioiideloclor 10?^ then 
«intn)l runction 42 may u>nclude llizil no fn^ijipfrojcnl nn iiileriox surface 2B of window 19. 
The iidenxily of die Hjgjm]i> are Ihtsri unaly2»d nud uomputed 10 determine if min ixlone >« 
psnssEcut on wiLidnw 19. Uowevttrjf (he sifiiiid iv^ived bj« &ocojid Uinmination detecUrr 102 
£& subscaatlaliy &i^iter than tlic signaJ txecived b^ 1 illumination defceior 3ci, dicai 1'or is 
tucscjit on tntcficir surtRcc of wirntow W, aj)d eoorxol fhnotinn 42 may tcubsetrucntly 
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WUf^SlK l<riVUS9R*30tt 

opwc the blower Ui eJimttUUs Che log lielQ fmOici Dompure Hie iiuwishic» of the Kintal* 
received to delcrmhic it' win is also prcscjtf on window J9. 

Referring now to Pij>. 13, ah altranatcciTibodjmcjJl of s ruin sc»wr system To'Ois 
diagrainmcd. Kjim ttaiw KyKfain iochiricH ar. Ie*st one Hhnniiurtion snimic IS, at lcsa»t one 
S jiriimHmiioii wsnxor 36 and a nolariy.in£ JUter (ritil «bi >wn}. A ©mitral 40* useful with rain 
msisot system 1 6(1 iiKludes an amWeM IrRlil loftic function 54 to determine, the intensity of 
ambient ligjif and switch ratu sensor system 160 between active and passive m&dc», as 
diKci^scd Above, Most pi«c.r>.ivs bly , ow&icnt fo&ic function 54 responds to the nutjrat of A/D 
converter 37 to dcrcrminc. anibicnj wHidirions as sensed by nr le»«?i oricnf the imaging array 

10 sensors and fiirlhia i:iflnmwiicati» with illumination sourai Binitml 55 i 1' ortlbieftl UgiH is 
brJcw a lliTculifild value. Illumination souiva conturl 55 activates at least one of tho 
rl I umin ution sources 3 8 no that fight may be i eceived by imaging arcay s&mw W . Thu 
polarizing isltci* is prrtrilimicd along s1. losst ran: r^nin path hctwcai Hi* iiltmriimliim sources 
and the i Ihinimiituni Ken*™ <*i a* to filfu- nrpnJariwj lij? t hf. hslimj it is received by a( least oho 

I s of the mm*™, mm rla/ to the emUodtcueffltf discus.'Ad above. ISdge detection iunotion 44 then 
umdjMf die signal or signals received by the illumination sensor or wmm* to determine if 
there is rain akme, % alone, hnlli rain and fog, or neifliLT rain nor Jo& pcenejil Ofl window 1 
if rain is ducted, ed^e detection Juuutkn 44 detenohiex i J' Ihe amount of mill is above a 
Lhrohutd value, while iHofc is detected, Hie cwrtiol 4CT further analyzes the .signal* h> 

™ determine ifuje level of ib& is above a threshold value.. Awojdingly, either wipe™ 22, 
blower 60 w both ait activated by controJ 4Q'\ ifneccssary. 

While scraTualtcamte been depicted and daubed above, ciewfy 

riv?. present invention may include uthvr wiaCkiiw whene their, arc i»ie OJ (vw ilhuniDOtwni 
sotuws awl delecUjrK^ wilh al leiwl ojie pokrixLu^ liller pcwifkunl along an optic i?xfh 

75 defined by njje of the iflnmbiaSioj) detector^ and ojie oi'the illumination sourewt vk window 
19, wilhiml aQecltixe Uic scope of the present iovcitficij). Polarizing ftftei 62 mny he 
posilionc<l lictxvwn sn illinnination srmrco o«H window 1 !■> fir toween an iUuttlination 
detector and windi>w 1 0. m)d mav be nrienled kucIi thai ife pasK axitc 67 allows Uncai ly 
pnlau/ed ligjjt to puss therethrough iu ^uc3i u iudjion us to aJiow the Jtpin sensor aynlesnn Co 
dl^cetn betwecj) tmpoferfeed light being seatlca«l from Jain drqw 40 on exlrrujr surface 24 of 
window 1 y and linearly )?:>laTized lieliI beijig «nitoi fmm a particle of 66 on Inferior flmfiw 
^ K of window 19. MokI preXernbly, in order In optimize Hie mirj sensor system SO ^s to best 

•iy- 
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determine when fog is present on interior surface 28 of window 1 9, at least one set of 
illumination sources and sensors is preferably oriented such that the optical path to the 
corresponding sensor or source is at approximately a 90 degree angle between the source and 
sensor at the interior surface 28 of window 19. This orientation best allows the system to 

5 determine when small particles of fog are present, while not inadvertently concluding that fog 
is present when rain is actually present on exterior surface 24. 

The concepts of the present invention may be used in association with rain sensor 
interior mirror assemblies wherein a rain sensor functionality is provided in association with 
an interior rearview mirror assembly. Such association includes utilizing an element of the 

10 rearview mirror assembly (such as a plastic housing attached, for example, to the mirror 

channel mount that conventionally attaches the mirror assembly to a windshield button slug) 
to cover a windshield-contacting rain sensor. The rearview mirror assembly can include a 
display function (or multiple display functions). 

These displays may perform a single display function or multiple display functions 

15 such as providing indication of an additional vehicle function, such as a compass mirror 

display function, a temperature display functions, status of inflation of tires display function, 
a passenger air bag disable display function, an automatic rain sensor operation display 
function, telephone dial information display function, highway status information display 
function, blind spot indicator display function, or the like, such display may be an alpha- 

20 numerical display or a multi-pixel display, and may be fixed or scrolling. Such an automatic 
rain sensor operation display function may include a display function related to a both a 
windshield-contacting and a non-windshield-contacting rain sensor, including, for example, 
where the circuitry to control the rain sensor, electrochromic dimming of a variable 
reflectance electrochromic mirror, and any other mirror-mounted electronic feature are 

25 commonly housed in or on a rearview mirror assembly and wholly or partially share 

components on a common circuit board. The blind spot detection display or the automatic 
rain sensor operation display may alternate with other display functions by a display toggle 
which may be manually operated, time-shared, voice-actuated, or under the control of some 
other sensed function, such as a change in direction of the vehicle or the like, should a rain 

30 sensor control be associated with, incorporated in, or coupled to the* interior rearview mirror 
assembly, the rain sensor circuitry, in addition to providing automatic or semi-automatic 
control over operation of the windshield wipers (on the front and/or rear windshield of the 

-20- 



WO09923828Al.tif Page 23 



Page 2 of 3 



vdiblc), can Pontixil the defo^^er function fo defog condensed mpor mi an hum nfeiu 
surface of a vohMa^iirinK (mail ax Ihe iTwidu hutPucc of flw. front wmlwhielil» audi as by 
opcutin£ft Mcww (iwj, beiUej* Juiictiuri, air cimdilium'Tiji luncliur^uc llic ILkeX or (lie lain 
amor eontrof cau dose a simrool' w auy ulhw imivubie gfcuins djould rata condifioaa bi» 
s delated. As stated above, it any be advantageous for the lain sensor eonfiol (nr any ofter 
JeaCufe suck as ft head -lamp eonMlcr, a yewofc Jccyfcss cirfiy lccd^-, a cellular phone 
ill&fadiug H»? micruphonts, a digito) vmue reeorder, a video chcwccu for li video photic, a taxi 
mcttr andAir fcuti meter display, a vdiide xlaCus jjidiuiUtui mid the ]ikc| To slisuc component* 
and circuitry with the clccttochromic mirroi function conuol rircutay and clcL'fiorhrwiicc 

1 1) nimui assembly Icscffl AJso, a convenient way to mount a iwi-wiiicl»hield-cwilracliiJ^rAifi 
scnsoi sueh as described herein i« by aLfadiinent, sueh as by srjap-Jjl attachment, A3 « mnchdu 
to the mimir djiimid itLOuJH such as is described ui US patent 5 v 576«<j78 entitled "Mimir 
Support Bracket/' invented by K. Eioakct al. and issued November l 1 ), T00C>„ Ihcdisdosm* 
til' wludl is hereby incorporated l>y reference herein. The mhvnr mount and/ur vtfindflhLcld 

1 5 button may optionally be. Hpedal ly adapted t« aoommimdiste a auii-vwidshicld -motJirrmg rain 
sensor module. Sudi mounting ax a module is readily xer vUrefible and Ottacbnblc to a wide 
-rarity of mfwiur mirror assemblies (both el6tlfodmftiic. and Jioii-clcciiodnxmnc audi as 
prismatic, manually adjusted mirror assemblies), and can help ensure nppmprioie alignment 
oithc tion-™dsln'cfd-mow«i mi cry nf mm jsinaarm ilievdiide windshieid insofar Chut 

20 The module attaduxl tn the minor mnunL rcmunw fixed whereas Ihe mil'/or itsnff (which 

typically altachex Co Che- Kicrrur diaiate) tuuurU via a ^i^lr-or d oniric Mall join l) i.s movable uu 
Ihttl the driver cati adjust ils field of view. Also, should smoitt froin eipnxsfCcK and the like be. 
a potential towvc of facrfcrouw tn the opemtfon of the min-wmdshicl£l-ci>ntactij38.ra5n 
senior, tlwsi a mim>iwiUachcd limixing cini lie used fo ahruud Che. rain seasoi unit and shield it 
Irwn xtnofce (and other dehris}. Optionally, Kuub uhility Co detect presence of citfRreue «moke 
can be. used to ejiibrce a iioti-sj>iolan& ban m ^iiclefe % siic-h as k eommmily iequu»led by 
lUflaf. car fleet opcr^tOt'S, A \$o t when n lain swisoi' (contaethig nrnon-ctmCaclinj;) is used to 
?nrivnt<%thr,\v>pca- nn rhe tc?it window (rear h*rJc light] of the velue^ Ihe ^efifiOf can be 
cniiveniciifly iw&nyxi and mounCwl Willi the (*'HM5rT.{eenler hia)i mounted stop ligln) sff^i 

l<> light asftenihly cofiiturtnly moiictted on the rear window ^lafift or clone to it. Mounting oi' Ihe 
lain sensor withtfie CHMBL stopiigfit can be aestlietlcaliy appealiu^ nm\ alltiw nharir^ «r 
Kmi]intM:nts\vtrmg/c-uoum y. 
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The concepts of this present invention can be used with interior rearview mirrors 
equipped with a variety of features such as a high/low (or daylight running beam/low) 
headlamp controller, a hands-free phone attachment, a video camera for internal cabin 
surveillance and/or video telephone function, seat occupancy detection, map reading lights, 

5 compass/temperature display, taxi meter display, fuel level and other vehicle status display, a 
trip computer, an intrusion detector and the like. Again, such features can share components 
and circuitry with the electrochromic mirror circuitry and assembly so that provision of these 
extra features is economical. 

Placement of a video camera either at, within, or on the interior rearview mirror 

10 assembly (including within or on a module attached to a mirror structure such as the mount 
that attaches to the windshield button) has numerous advantages. For example, the mirror is 
centrally and high mounted and the camera can be unobtrusively mounted. 

Therefore, a rain sensor is disclosed herein that provides an accurate method of 
detecting rain on a vehicle window by actually capturing an image of an area on the window 

15 and further determining when the amount of precipitation present on the window reaches a 
predetermined threshold value before activating the wiper system of the vehicle. The rain 
sensor may further detect both fog and rain on the window, and is able to discriminate 
therebetween. The rain sensor of the present invention is also decoupled from the window to 
avoid replacement concerns and the like that are present with many of the rain sensors in use 

20 today. Furthermore, the rain sensor of the present invention provides optimal performance by 
detecting both fog and rain on the window, while providing a system that may implement 
standard, low cost single element photo-sensors and photodiodes or the like. 

Changes and modifications in his specifically described embodiments can be carried 
out without departing from the principles of the invention, which is intended to be limited 

25 only by the scope of the appended claims, as interpreted according to the principles of patent 
law. 
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The embodiments of the invention in which an exclusive property right or privilege is 
claimed are defined as followed: 

1 . A vehicular rain sensor which senses at least one of rain and fog on a vehicle window, 
said vehicular sensor comprising: 

an imaging array sensor directed at the vehicle window from inside the vehicle; and 
a control which responds to an output of said imaging array sensor in order to indicate 
5 precipitation on a surface of the window. 

2. The vehicular sensor in claim 1 , wherein said surface of the window is an exterior 
surface exposed to weather conditions and the precipitation indicated is rain. 

3 . The vehicular sensor in claim 1 , wherein said surface of the window is an interior 
cabin surface and the precipitation indicated is fog. 

4. The vehicular sensor in claim 1, wherein said control comprising a computer 
programmed with an edge detection algorithm. 

5. The vehicular sensor in claim 4, wherein said edge detection algorithm detects edges 
of particles of precipitation on the window, said control responding when a threshold amount 
of said particles is detected by said edge detection algorithm. 

6. The vehicular sensor in claim 5, wherein said edge detection algorithm analyzes a 
quantity of edges present on the window. 

7. The vehicular sensor in claim 6, wherein said edge detection algorithm further 
analyzes a size of the edges present on the window. 

8. The vehicular sensor in claim 5, wherein the vehicle has a windshield wiper, said 
control controlling said windshield wiper when said threshold amount is detected. 
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9. The vehicular sensor in claim 8, wherein the control varies a rate at which the 
windshield wiper is wiped according to a level of edges detected by said edge detection 
algorithm. 

1 0. The vehicular sensor in claim 1 further including a polarizing filter between the 
window and said imaging array sensor. 

1 1 . The vehicular sensor in claim 1 including an optic between said imaging array sensor 
and the window, said optic establishing a small depth of field, thereby focusing on an area at 
or immediately adjacent to the vehicle window. 

12. The vehicular sensor in claim 11, wherein said imaging array sensor and said optic are 
oriented relative the window according to the Scheimpflug condition. 

13. The vehicular sensor in claim 1 including an illumination device for illuminating the 
window. 

14. The vehicular sensor in claim 13, wherein said illumination device provides 
illumination having an illumination wavelength approximately that of an infrared 
wavelength. 

15. The vehicular sensor in claim 13, wherein said illumination device provides 
illumination having an illumination wavelength approximately within a range between 820 
and 880 nanometers. 

16. The vehicular sensor in claim 13 further including an illumination device control for 
at least occasionally activating said illumination device. 

17. The vehicular sensor in claim 16, wherein said illumination device is pulsed on and 
off by said illumination device control. 
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1 8. The vehicular sensor in claim 1 7, wherein during low light conditions, said 
illumination sensor is exposed to the vehicle window when said illumination device is pulsed 
on and not exposed to the window when said illumination device is pulsed off. 

1 9. The vehicular sensor in claim 1 6, wherein said illumination device control operates 
said illumination device during low light conditions. 

20. The vehicular sensor in claim 19, wherein said illumination device control senses 
ambient light and operates said illumination device in low ambient light conditions. 

21 . The vehicular sensor in claim 1 9, wherein said imaging array sensor includes an array 
of imaging pixels, said illumination device control determines a level of ambient light by 
monitoring light received by said pixels on said imaging array, said illumination device 
control switching to said active mode when light received by said pixels is below a 

5 predetermined threshold value. 

22. The vehicular sensor in claim 20, wherein said control comprising a computer 
programmed with an edge detection algorithm, said control responding to control a 
windshield wiper on the vehicle when a threshold level of particles of precipitation on the 
window is detected. 

23. The vehicular sensor in claim 22, wherein said threshold level varies according to a 
level of ambient light present on the window. 

24. The vehicular sensor in claim 20, wherein said illumination device control operates 
said illumination device when the ambient light conditions are below approximately 250 lux. 

25. The vehicular sensor in claim 20, wherein said illumination device control operates 
said illumination device when the ambient light conditions are below approximately 150 lux. 

26. The vehicular sensor in claim 20, wherein said illumination device control operates 
said illumination device when the ambient light conditions are below approximately 100 lux. 
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27. The vehicular mumr fa claim 20, whercfa snirf iUwnfratioi) cfeviee control operates, 
said illumination device in jeypyjjw? Ui when a vehicle's headlamps aie activated. 

28. The vehicular sense* iu claim ) 3 3 winding, a polarizing filter along, an opt? r, parh 
betwettt said jOwnfanfinn tfcviw: anrf said imaging nry*y sensor 

7$. The vehicular swisor in ekecti 28^ wlierein said pidariziEkft filter cs orrcjjtcd To filter i>ul 
light signal* tadfotiiu from fog particles an an interior surface of the window. 

30. Hit vehicular sensor in clnhn 1 , whercin said imaging wisv sensor is n CMOS serifiof. 

35, I he whiculiff nci«wr in elninj J , wherein Che window i* a vehicle windshleJd and the 
vdride includes ft windshield wiper antf a tear window wipu, wherein said oontml cnu» lite 
rear window wiper to cycle for cvciy N cycles of tfip windshield wiper* wheaein N is greater 
lltan one, 

3?. The vehicular Bertsu>r hi claim 3 1 , wherein the value of N varies re u functiuD of the 
sprcd uf the windshield wiper, 

3*. The vehicular aisusor in claim 1 > wheteiri said cotum! oomprcsin£ 0 micro-scMiipulei 
having nnc or on embedded ccurtro) application, a custom digjtal logic circuit and a di^'lal 
signal piYice&soi chttlit 



34. The vefuculai sensor in claim 33, whcicm said wnttol is adaptable to be pusitioiKxi 
substantia I fy adjacent a ir-Trviewmivmr housing. 
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35. A vehicular rain sensor which senses at least one of rain and fog on a vehicle window, 
comprising: 

at least one illumination source and at least one illumination sensor defining at least 
one optical path from said at least one illumination source to the window and from the 
5 window to said at least one illumination sensor; 

a polarizing filter at least occasionally in said at least one optical path in a manner that 
polarized light from the window is more attenuated than is nonpolarized light from the 
window; and 

a control which responds to an electrical characteristic of said at least one illumination 
10 sensor in order to indicate precipitation on an exterior surface of the window independent of 
moisture on an interior surface of the window. 

36. The rain sensor in claim 35, wherein said polarizing filter is at least occasionally not 
in said at least one optical path and wherein said control responds to an electrical 
characteristic of said at least one illumination sensor in order to indicate moisture on an 
interior surface of the window by comparing a signal from said at least one illumination 
sensor when said polarizing filter is not in said at least one optical path to a signal from said 
at least one illumination sensor when said polarizing filter is in said at least one optical path. 

37. The rain sensor in claim 35, wherein said polarizing filter is at least occasionally in 
said at least one optical path between said at least one illumination source and the window. 

38. The rain sensor in claim 35, wherein said polarizing filter is occasionally in said at 
least one optical path between the window and said at least one illumination sensor. 

39. The rain sensor in claim 35, wherein said at least one illumination source and said at 
least one illumination sensor are oriented at a range of approximately 80 to 100 degrees with 
respect to each other along said at least one optical path. 

40. The rain sensor in claim 35, wherein said at least one illumination source and said at 
least one illumination sensor are oriented at approximately 90 degrees with respect to each 
other along said at least one optical path. 
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41 . Tb* taici siinsor in claim 35, whcjrcia said at least one ilfimnnattcm seasor Lk an 
mtejp alitiQ. sensor, 

42, The l&n senxur in cluim 3S> wherein said ill least urte iUutiliuaLion sensor h an 
imaging cumy sensor. 

4 The rain sensor irVclahn 42, wherein said control is u computer which ia pro^xajninorl 
will i an ed&C detection cdl'mitliui tn defect edges of piMjipituiwin particles. 

44. Thr nrin .sensor hi duiui 42, wherein *aid al least one Uhrnbwrfcm mmr ia a CMOS 

45. The r*i n senswr in claim 3 5 > wherein Ihe vehicle im'l udc* a Witidsfi W d wi pci mil a 
rear window wiper, whereto £>ald cojkjo! causes the rear window wiper In cvule tof every N 
cycles or (lie. windshield viper, wherein N is prater Tim]) 1 , 

A(\. TIia mitt sensor to eWin wherein tlio value oPN varies of> a function uf the Kpsed 
of Arc windshield wiprr. 

47. The rain se/isor in claim 35 including mi illumination omiftiil whirfi iiieasuJt* a lwrf 
of ambient litfit Ihat present on the qrfjutow W>tf swfahrai said vain nstfor from an active 
mode* where, said LlhimJivctlon aomwis mi mid provides tight (u the window* to a passive 
mode, whci^said iJUiniirwtion KaureeisofTmid ambient light provides (JhimiuaTjon uj «aid 
5 Llhmriiuiticm nmnr, »>nil mamiinCkjii cunlml being in said passive rood* when said ambient 
li^JiC level iv srwiLer ihau a predetejmined threshold vaJue. 

4*. The raiTi wnmr in cluuvi 35, wherein xuid polarizing fdtei is fixed alonfc said optical 
pah\ kmk3 pftluriniig Jilier beinft oriented tti niter out a plurality of UhnOTiwlwii wynal»> 
radiuting I'mm (b& particles on an interior surface of the. window. 
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49. A vehicular sensor for detecting rain or fog on a vehicle window comprising: 
at least one illumination source; 

at least one illumination sensor; 

said at least one illumination source and said illumination sensor defining at least one 
5 optic path therebetween, said at least one optic path defined between said at least one 
illumination source and the vehicle window, and further between the vehicle window and 
said at least one illumination sensor; 

a polarizing filter positioned along said at least one optic path; and 
a control, wherein said control responds to an output of said at least one illumination 
10 sensor in order to indicate at least one of precipitation on an exterior surface of the window 
and fog on an interior surface of the window. 

50. The vehicular sensor of claim 49, wherein said at least one illumination sensor is an 
imaging array sensor. 

5 1 . The vehicular sensor of claim 50, wherein said control comprising a computer 
programmed with an edge detection algorithm. 

52. The vehicular sensor of claim 49, wherein said control functions to control a 
windshield wiper control if said at least one illumination sensor detects a precipitation level 
on said exterior surface of the window. 

53. The vehicular sensor of claim 49, wherein said control functions to control a blower 
control if said at least one illumination sensor senses a fog level on said interior surface of the 
window. 

54. The vehicular sensor of claim 53, wherein said control further functions to control a 
windshield wiper control if said at least one illumination sensor detects a precipitation level 
on said exterior surface of the window. 

55. The vehicular sensor of claim 49, wherein said at least one illumination sensor is a 
single element integrating sensor. 
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56. The vehicular sensor of claim 49, further including an illumination control whereby 
said illumination control determines a level of ambient light in the vicinity of the vehicle and 
deactivates said at least one illumination source when said level of ambient light is above a 
predetermined threshold value. 

57. The vehicular sensor of claim 49, wherein said at least one illumination source 
comprises at least two illumination sources, said polarizing filter being positioned between 
one of said illumination sources and the vehicle window defining a polarized beam having a 
polarized optic path between said one of said illumination sources and said at least one 

5 illumination sensor, other of said illumination sources defining a non-polarized beam having 
a non-polarized optic path between said other of said illumination sources and said at least 
one illumination sensor. 

58. The vehicular sensor of claim 57, wherein said one of said illumination sources and 
said one of said at least one illumination sensor being oriented within a range of 
approximately 80 to 100 degrees relative one another along said polarized optic path. 

59. The vehicular sensor of claim 57, wherein said one of said illumination sources and 
said one of said at least one illumination sensor being oriented at approximately 90 degrees 
relative one another along said polarized optic path. 

60. The vehicular sensor of claim 57, wherein said control compares a signal received 
from said one of said illumination sources to a signal received from said other of said 
illumination sources to determine if at least one of fog and rain is present on the window. 

61. The vehicular sensor of claim 60, wherein said control activates a blower in the 
vehicle if fog is detected and activates a windshield wiper on a windshield of the vehicle if 
rain is detected. 

62. The vehicular sensor of claim 49, wherein said at least one illumination sensor 
comprises at least two illumination sensors. 
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G3. The vehicular seranr of claim til, wherein said pdariwng filter is pantioiNd between 
oik of sm\ illimriniiUini sensor* and foe. vehicle window, »dd one oC'snid sensors and s*iid m. 
least out illuirmmliori source deTniinj> n putorized upticpalUaxd flic other of said inuminaliim 
awixors and said at lcasl one. iUumiuaCioj) «mrcc defining a AOJ)-polwi wtd nptmpnfh. 

64. The vch i cular »siisor n P claim ftt, w hci inn said one uf snid iliifcui Jiattoil seuS0C9 and 
said at least one il i unihiatioii .source are orien led vvi Cliiu a ran^e. uf approximately Rl> to T 00 
dcgrtitss Rrltiti vc one. iinOtLur alwtj> said polarized Op(ic pall). 

65. The vehicular sensor of clcira f^> wherein <wtid imti of «mcl iiluiuinatiwi sensors aild 
said at lensr rmo illumination HaurcuixmrmcTilird uTmmxnn&lely 90 de&rees relative fflio 
annllicr alunj> said polarized op5ic |>atll. 

66. The vchtal I »r iciwnv nf d <H ► wheixsi n khi<1 urn Irol compftftft a signal received by 
said one of said ilfumfcwtton Heiwnn fo n srigpnl iceui ved by :>aid Olhei of said Hiuuilnafion 
sensors n> dctwinnie if'al lcu»l mi<* of % uod Tain ifi present 0J) the window. 

rt7. The vehicular sensor of claim 6*<3< wherein said at Jew* fcwi fl limitation sensors arc 
imaging, army switch, and Rni<1 control r» nropranimcd with an edj;© de-tecfjoci Algorithm fo 
detect nrceipitxtion pnliclcft. 

6S. Tlib vehicular sensor of claim 66, wherein said control controls u windshield wiper cat 
Hie vehicle in. response to detection of precipitation iKiiticlcs cm flic wiudiw. 

nv\ Tiic vehicular Hunisor (iPclaiio 6fv wherein said conlrui controls a Wo wot in Hits 
vdiirieiu ichpwim U' detection of ib&ort m interior surlacc erfthewindmv. 

70. Hie vehicular seam of eton <i9, wtanio said mmlro! uurilrohi h windshield wiper on 
tJic vehicle il\ )V«paiw> (o dcfcctiim nPpm^riltfiqn ittirticlcK on Ihc window. 
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71. 'I he vehicular h ensor of claim i\2^ whtx cin ssdd polarizing filter? is positioned iKtwccn 
said al least urie ilhirtMltfition source, and Cta vifhidc window, 

72. The vehicular sen*™ of <'.W «\ 71 , whercta Oite of said illnmnjiiCivn wsiwox^ and said at 
feast one illumination sihjiiic dcfini* & fh*r optrc path awl die. otlicr of said illtiiiiinatjon 
sensors and »iid at lsual onu tllimuualiun smiier. rjcfixtc a second optic ]*at(i. 

73. The vehicular saisor of claim 72> whwdn wild one of said NluiiimafKJu JiBiiww and 
said at least one iflnrnination source arc oriented within, a rainje oJ' approximately SO to 1(K) 
dcgi\xs relative tn one mutftar afang said first optic path, anid polarxaug filter oriented with a 
pass ovi« smrwrtmilially perpendicular Cjci » segment of said firs* optic path that is ber.wncn the 

* vehicle winduw and nCnd nnc ol* nuid illuunuafiim swwnrs. 

74. The vehicular Kenanv of d aim 77., whercin said one of said Illumination scusois *nd 
.said atloa»lori&c)luiriiniXlfOJl ^ulwartiimCTlDihipprnxiuuildy Qfl decree* relative to one 
unoChcruloiifc said IM Aptle path, said polarizing filtororiiaifcd with a puw» axi« )5«bjytontta1iy 
Iieipttidcc«)ai- to a segment of caid first optic path that jk hatwedn (he vehicle window and 
said otie of said LlJiimiiiation sensors. 

7!>. The vehicular Human* of uhrim 73 % wherein K*icf othctr of mid lllimnWion hciihihk and 
xaid al IeunI wic illurriicLaliou j-uurce arc oriented upjiioximafely Oft degjf«i relative lu one- 
another alotifc said second optic path, Gaid (n>lar[/,iii^ filter m-ieriLed with sard pass axis 
substantially parallel to a segment of said second optic path that is between the. vehicle 
window aud said otJicj of said illumtoatioii asnsors. 

76. The vehicular HeriHiir oJ'clmrm 75, whciehi mid other nf said fflimrnixtiim minor* and 
said one of said illumination sensor ace putdtkmed xuch that »uid ftr&l optic r.&dh between said 
one oJ ! raid ilfimrimrtion romws cmd the vehicle window and sard second optic path between 
«uid other oJ'mrid iilnniiniilimi hoi sots &ud the vehicle: window arc generally |x*|:atdictikL\ 
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77. The vehicular scusnr of cfniiti 76', wheirin said contml compass a signal received by 
raid one of Sind illumination s«n««>™ to u signal received by suidotliej of said illumination 
scnams Co determine iflhcre is rain ur fo^ pri-awnl on (he vehicle, window. 

78. Ibc vchtaiSnr sensor of olajm 77, wtiwdn said contml conrmlff a windshield wipsr on 
(lie. vchic-lrJn mpniwfn cfofrclimi of piiccipitHTKtn jwiidcsniciwnlon flic window. 

79. The vriueiihf swuof of claim 78,^vi)Cfciiisai<l one of udrf lUmfrurficm icimrra und 
Kisid urtier of said ilfamuiatioa sensors axe imaging array sr.nsor.5, md skuI oniitn>3 is 
pfOfii'Aitimcd with cH|rr. Horcxfimi ulgprithm. 

80. Tho vclrieuljir hciwht i»f cluim 7R, wherein Kind aintrnl tOntlttlfi A tklower ill the 
vehicle n i reiipoji&e to detection of fo& p xesent on an interior srn face of the wfadn w. 

8 ) . The wliiaifoi sensor nf claim 80, wherein skM control Dtmliohc a windshield wipco- on 
thcvcWc-Ici in itviprmsetn rteiuutinn tif jiiccipilurirm parfidiw present on Ibe window. 

&1 A vehicular se<ifcof ibj' dentins fain or fog on a vehicle window, said vehicular 
rte-risor comprising: 

n fn*r ill milium ion source; 

t\ hc wind i 11 uminutH iti j*i urLe; 
5 im inwauiaCiini wsniiur, rtirid first ill urn i rial ton fcmuce.artd said WumfanCkm wamor 

dssSlninft a first optic pall) between said fiist illumination stnm&«nd diu vehicle window and 
between the vehicle window and said iltamiiwtlon sensor; 

said second illumiuatimi suurcc and snid illnminatimj sensor defining, a second optic 
palh htitvvucn sand fii*f illmnniniiim ximjtcc ntul ilie vehicle window and between the vehicle, 
in window und Kuid illurriiualum Kerowt; 

a fKilarizinft filter positioned along, one of' said first and second optic pain*; und 

a control, wiicrciu said control responds to an oiiCjwi ofsrad illumination aeiwor in 
oKici- to indicate M Imtw.of prod]Aoolon cm sn exterior Burface <if (he window and i'ofc cm 
an intern ir KUTfacc o f the. wi ridow. 
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fi.V The vchicoiku' sciwr of cIruii 82, whcivin said polarizm& titter is positioned a! our 
Kukl fiist o|rtic path between .said fir.?t WiuuinKtJon source and the window, arid polarizing 
llUcJ including puss axis Hint is oriented garni fcy parallel ft pnvtirai of said Hnd optic path 
between said illumination sexlsoi acid Hie vehicle windi>\v. 

84. The vcd3ica]l^r scram of data *X whavin said first UUimlEUCtkm toutou mid said 
iltamiim.ioii aeiiKur are oriented within a range of ajipriixhiuitely Rfl to J 00 decree* relative 
one another ulim^ said first optic pulli. 

«5. The. vchicniaj- awsor of cfaim 83, wherein said icrst illumination source* and .suid 
illumination aensor arcoiiciifed ^proximately M degrees Teinliveonc utiotller atOtt£Said 
first c^tro pith. 

R6*. Tile vehicular sensor of claim B2> wherein said control respond* t« «n output of raid 
il]w»inatioti sensor mid dctarnmc* whrtker pmdptatbn is praent mi exterior surface of 
[hie window or if fog Isipnswntan mtlntcrinr jfur&Kc riflhc window. 

#7. The vehicular xetiaor i>r claim 8^ wherein Kai d oh inCroL activate a wJucbhid d wiTier 
on flic vehicle when pifccipitatic-n is detected on tlie window, and aotivjiKW « Hlmvet in die 
vehicle when is domtrf on tht: window, 

XK. 'flic vuhicuhir neriNivr of chiim 87, wlterwo uie vehicle includes a winhMcId wiper and 
a rear window w)pej« said control artistes flue windshield wiper* and tlie near window wipe* 
when pi^oipication is detected, Kdd contiol causing th&rcai window wipsr in cycle ibi cvciy 
N cycle* of the wmd shield wiper,, whendn N is greater tiwi 1 . 

M. Tlie vehiculus wutm uTclunij M> wherein llie value ufN varies as a function of the 
speed ot'tlxe windshield wipei. 
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90. A vehicular sensor for detecting rain or fog on a vehicle window, said vehicular 
sensor comprising: 

an illumination source; 
a first illumination sensor; 
5 a second illumination sensor, said illumination source and said first illumination 

sensor defining a first optic path between said illumination source and the vehicle window 
and between the vehicle window and said first illumination sensor, said illumination source 
and said second illumination sensor defining a second optic path between said illumination 
source and the vehicle window and between the vehicle window and said second illumination 
10 sensor; 

a polarizing filter positioned along one of said first and second optic paths; and 
a control, wherein said control responds to an output of said illumination sensor in 

order to indicate at least one of precipitation on an exterior surface of the window and fog on 

an interior surface of the window. 

91 . The vehicular sensor of claim 90, wherein said polarizing filter is positioned along 
said first optic path between said first illumination sensor and the window, said polarizing 
filter including a pass axis that is oriented parallel a portion of said first optic path between 
said illumination source and the vehicle window. 

92. The vehicular sensor of claim 91, wherein said illumination source and said first 
illumination sensor are oriented within a range of approximately 80 to 100 degrees relative 
one another along said first optic path. 

93. The vehicular sensor of claim 91, wherein said illumination source and said first 
illumination sensor are oriented approximately 90 degrees relative one another along said 
first optic path. 

94. The vehicular sensor of claim 90, wherein said control responds to an output of said 
first illumination sensor and an output of said second illumination sensor and indicates at 
least one of precipitation on an exterior surface of the window and fog on an interior surface 
of the window. 
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95. The vehicular sensor of claim 94, wherein said control activates a windshield wiper 
on the vehicle when precipitation is detected, and activates a blower in the vehicle when fog 
is detected. 

96. The vehicular sensor of claim 95, wherein the vehicle includes a windshield wiper and 
a rear window wiper, said control activating the windshield wiper and the rear window wiper 
when precipitation is detected, said control causing the rear window wiper to cycle for every 
N cycles of the windshield wiper, wherein N is greater than 1 . 

97. The vehicular sensor of claim 96, wherein the value of N varies as a function of the 
speed of the windshield wiper. 
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